Abstract-Climate change has arrived: deep, at a global level and sometimes catastrophic. Experts blame the greenhouse gas effect, boosted by the combustion of fossil fuels, which releases these dangerous gases. The purpose of this paper is to analyze the importance of energy efficiency on fighting climate change and how it has been used throughout the world, particularly by Energy Services Companies, also known as ESCOs.
I. INTRODUCTION
In these last years, scientific communities have tried to make people aware of climate change and the need to reverse this process. Having identified the combustion of fossil fuels as one of the biggest sources of dangerous gases (who hasn't heard about the evil CO2 emissions?), the next step would be, ideally, to delete fossil fuel from our lives. Sadly, our world is far from ideal and this reduction on using fossil fuels has to be done gradually. We have seen renewable energy slowly penetrating the energy market and conquering its own space. The results are encouraging, but there is still a lot to improve.
There is, however, something that everyone everywhere can do starting right now: use energy in a rational way, also known as energy efficiency. Simple actions like turning off the TV instead of leaving it on stand-by can make a difference, as well as switching to lower consumption home appliances and light bulbs.
Energy efficiency is the Energy Service Companies' (ESCO) area of expertise: these companies specialize in providing energy efficiency solutions to buildings, from simple solutions like those above, to complete building refurbishments. So far, it looks like any other ordinary company, but as the next chapter explains, the contracts are financed in a not-so-common fashion.
II. ENERGY SERVICE COMPANIES (ESCOS)

A. Definition
An ESCO is a company that offers energy services, usually energy efficiency projects that can also include renewable energy projects, and frequently these are on a turn-key basis. The three main characteristics of these companies are [1] :
• guarantee energy savings and/or provision of the same level of energy service at lower cost; • the remuneration of the ESCO is directly dependent on the energy savings obtained;
• the ESCO can finance or assist in arranging financing for the operation of an energy system by providing a savings guarantee. These characteristics show that the ESCO accepts some degree of risk when investing in a user's facility. This business concept was born in 1970, thanks to the energy crisis lived at that time, which made energy savings a valuable business. Time Energy, a company in Texas, which sold devices to automate the switching of lights and other equipment to regulate energy use, was having troubles selling their products, mostly because users doubted the savings would ever become real. To fight this problem, the company decided to install the devices at its own risk, asking the client a percentage of the savings accumulated, and so the ESCO model was born [16] .
B. Contracts
Energy Contracting is a service that enhances buildings, making them "greener", benefitting both the building owner and the environment.
The European Association of Energy Service Companies indicates two successful energy services business models: Energy Supply Contracting (ESC) and Energy Performance Contracting (EPC), emphasizing, however, that EPC is the key to energy efficiency in existing buildings [2] .
But why favor EPC over ESC? This can be clarified by defining both contracts' objectives: ESC focuses on an efficient energy supply and EPC aims for an efficient energy use (energy savings). I.e., ESC only considers the boiler room whereas EPC considers the building as a whole, making it a more complete kind of contract and, therefore, more attractive [16] . Fig. 1 shows how EPC works: after an energy audit and a detailed analysis of the case, the project is implemented, with an immediate energy consumption reduction. The client pays the ESCO a share of the savings and, naturally, at the end of the contract all the savings belong to the client [16] .
It is important to mention that EPC is completely self funding and if the savings target is not achieved, the ESCO pays for the difference, as this contract includes a guarantee that transfers financial and equipment performance risk to the ESCO [2] .
The (few) statistics on this matter show, however, that ESC is dominating the market (90% vs. EPC with 10%, data from the German ESCO market). Experts recognize some EPC problems [4] : • savings measurement is often difficult, as it depends on external factors (load, utilization, climate...) and on an accurate historic data; • the need for savings is not felt, as opposed to energy supply; • minimum energy cost baseline: if this number is not over a certain value, the ESCO will not be interested in investing on that building; • Measurement & Verification may generate high expenses. The IEC pretends to solve these problems: it is based on the well-accepted ESC model, but it expands the scope of service to the whole building and it replaces EPC savings guarantee with a Quality Assurance. The objective of the IEC is to guarantee an optimal performance of the energy equipment/system, instead of promising exact saving numbers, as those are not always easy to calculate [4] .
C. EPC: other limitations
These technical limitations are not the only problems the EPC faces. The following are probably more limiting than the ones mentioned in the previous section [2] :
• lack of awareness and information that energy contracts based on energy efficiency actually exist; • governments often worry more about energy generation and supply rather than improving the efficiency of the demand services; • lack of policy push, incentives by the governments and legislation that promotes energy efficiency contracts; • financial doubts: people are afraid they will be overpaying for the service; • some public sector budgets depend on their previous year expenses, i.e., the more they spend in one year, the more (or the same) they receive the next, which discourages applying energy efficient solutions; • not enough case studies and references: in some cases, public authorities refuse to take the risk to be the first to try EPC.
D. European Union: efforts made so far
The European Union is making an effort promoting energy efficiency throughout the community, but it will take some time to see its results, since the financial crisis will inevitably take its share of guilt on the incoming energy market stagnation. Even though these energy efficiency contracts provide a consumption reduction and guarantees, most likely there are still skeptical minds who will not take their chances for the time being.
Some of these European Union efforts include 8% energy savings by 2015, achieved thanks to energy efficiency measures, such as [5] :
• replacing high consumption lamps (incandescent lamps) by fluorescent lamps; • promoting and increasing domestic generation of renewable energy sources; • replace traditional fireplaces with heat recovery systems; • public entities should give the example to its country and be pioneers on implementing EPCs; • results achieved should be revealed so everyone can understand its potential. So far and according to the government, the data registered in Portugal indicates the plan created to achieve these 8% is on the right way to its success. However, other entities disagree that the energy consumption reduction is related to these measures, but instead it is related to the (bad) economical situation the country goes through [6] .
E. ESCO markets
In some countries, this kind of market has only recently started while in others it is in a mature state. Germany is one of the most mature markets and is therefore a must in this paper. Other relevant markets are the Austrian and the Czech market.
The American market should also be mentioned, not because of its market per se, but because one of the most famous buildings in the USA, the Empire State Building, has gone through a refurbishment and this process has been explained in a friendly and simple way on its own website, allowing the world to read some of its interesting conclusions.
III. ESCO MARKET IN GERMANY
The German ESCO market is one of the oldest and most mature markets. The Berlin ESCO market is a special case, given its historical circumstances.
For over 40 years the city was divided in two and under the control of two different authorities. Since 1949, with the Berlin Blockade and then in 1961with the construction of the Berlin Wall, West Berlin was disconnected from the electrical national grid, becoming a self-sufficient island by force [7] . Even though most of Berlin's power plants survived the war, more than half of their furnaces and turbines were dismantled by the Russians, dropping their power generation capacity to 30%. This need to rapidly recover and be able to provide a steady supply was not always well accepted by the population, who protested against having more power plants polluting the already heavy polluted air. It seems the air quality was so low that medical reports indicate that simple colds evolved into some more complicated diseases, especially in children [8] .
It was only in 1994 that West Berlin was connected to the European grid and, in that year, the Berlin government adopted the "Energy Concept", aiming at reducing CO2 emissions by 25% until 2010. This program was based on some measures already used by West Berlin, which promoted energy efficiency and resources optimization [7] :
• raise public awareness of the need to save energy, with real and practical tips; • existing buildings: rebuild or replace old and inefficient ventilation systems; • public buildings: give the example to the rest of the city, by saving energy and choosing environment-friendly products; • transports: reduce any unnecessary traffic by encouraging the use of public transports (specially the train) and by building new residential areas closer to working areas; • energy supply: modernize electricity, gas and urban heating grids; • solar energy: expand the market by implementing pilot-projects, campaigns and subsidies. The data released by the Berliner Energieagentur (BEA, the Berlin Energy Agency) indicates these 25% were achieved and, in 2009, BEA launched a new program: the "Energy Concept 2020", aiming at a 40% CO2 emissions reduction, by 2020.
With all these measures installed and the fact that (West) Berliners felt what it means to be out of power supply and live in a place with poor air quality on their own skin, the ESCOs and EPCs are more easily accepted and regarded as a way to improve their quality of life.
In 1995, BEA creates the "Energy Saving Partnership Berlin" (ESPB), a project with political support from various parties, which basically applies EPCs to public buildings. The town hall, schools, swimming pools, and other public buildings, have been under EPCs ever since (the project is still up and running), and the BEA offers their knowledge to other countries interested in taking similar steps towards energy efficiency.
To overcome the fact that ESCOs require a minimum energy cost baseline (as seen on chapter II), the ESPB suggests the creation of "building pools", i.e., put together a number of buildings that, alone, have no interest for an ESCO, but that grouped with others reaches the minimum baseline (which is 100.000€ for individual buildings and 200.000€-250.000€ for building pools).
It is important to mention that the BEA is not an ESCO, but a project manager, who has successfully changed approximately 1400 buildings, with a total of 11,7 million €/year guaranteed savings. A client assigns the BEA as a project manager, which then contacts the ESCO and deals with all the negotiations and technical-economical requirements. The BEA does a consultancy job, but the Energy Contract is obviously signed by the ESCO and the client [11] .
The ESPB does not have any estimated time to end, and its future is focused on including measures related to building insulation (walls and windows) and creating smart buildings. The numbers achieved so far are quite promising, with 26% average savings, reaching 35% in some cases, and contracts lasting an average of 12 years.
The number of ESCOs in Germany is quite impressive against other countries numbers: according to reference [10] , it is estimated to be somewhere between 250 and 500. The majority of these ESCOs offer ESCs and the number of ESCOs offering EPCs is around 50. Currently, EPC services make up a 15% share of the contracting market in Germany, and they are expected to grow 7% each year, particularly on the public sector [12] .
IV. ESCO MARKET IN AUSTRIA
The Austrian EPC market has grown quite fast, having started in 1998 from zero, to nearly 600 buildings in 2002 (which is approximately 3% of all public and private service buildings) and, in 2005, over 1800 buildings were optimized thanks to EPC [12] .
Quality labels have been created to identify quality ESCO services and the compliance with standards and increase the reliability of the projects proposed by the companies. Standardization of contract models and project development is essential to increase and guarantee the quality of projects, which is a priority [12] .
The effort now is on increasing the numbers of ESCO activities in the private sector, by starting to indentify the barriers between ESCOs and the private sector, even though the energy saving potential is similar to the public sector [12] :
• lack of awareness for energy efficiency benefits and ESCO services; • private buildings are generally rented out, meaning owners and users might not always agree with each other; • private companies do not take energy matters too seriously, unless it's a problem with energy supply (if energy supply fails, it's a big problem, if energy usage is not efficient, it's not too relevant...). It must be mentioned that the Austrian government has been providing a great support to the ESCO market, by involving public buildings and by stimulating investments in residential buildings, through subsidies, soft loans and tax credits. Energy Agencies have been giving local support, participating directly and indirectly in ESCO projects, as well as developing new solutions to maximize quality and please all the potential costumers [12] .
V. ESCO MARKET IN THE CZECH REPUBLIC
The Czech ESCO market is at an early stage, but it is considered to be one of the most promising. While Austria and Germany were already starting their energy efficiency markets in the 1990's, the EPC model was pretty much unknown in the Czech Republic. However, in 2001, with the new law making energy audits obligatory for large consumers, the first steps towards creating an energy efficiency market were taken [12] .
For the moment, 10 to 15 ESCOs are estimated to operate in this country and provide ESC and EPC services. The main target sector is the healthcare, followed closely by education, military, and other public buildings.
At first, the EPC had a bigger role on the market, but with market diversification and clients requiring different needs, ESC has become more common [12] .
One of the advantages the Czech ESCO market had was the availability of financial institutions to provide loans (known as Third Party Financing (TPF)), and besides, like Austria, a big government support through energy agencies [12] .
Despite such a promising future, there are still barriers to overcome [12] :
• higher management levels are skeptical towards energy efficiency programs, making awareness raising programs still an important tool to let energy efficiency projects conquer potential clients; • long amortization/pay-back periods (over 10 years) are of no interest for some buildings, since there's no guarantee the building will not become unused or abandoned; • the fact that the Czech Republic joined the European Union in 2004 only, causes a lack of consistent and reliable information regarding energy consumption and the condition of buildings; • standardizations of procedures and definitions is required to clarify doubts and, therefore, ease the start and completion of successful projects.
VI. ESCO MARKET IN PORTUGAL Portugal is regarded as an emergent ESCO market, growing steadily, but at a slow rate. This growth has been noticed particularly since 2008, supported by the energy efficiency program of the government (PNAEE -National Action Plan for Energy Efficiency) [12] .
In PNAEE, Portugal compromises itself in achieving 9,8% consumption reduction, through energy efficiency measures. This kind of measure opens market opportunities to ESCOs and, in 2009, 10 to 12 companies declared themselves as ESCOs [13] .
ESCO projects are somewhat common in the industrial sector, thanks to the fact that energy efficiency plans are mandatory when the annual energy consumption is over 500 toe. Other types of buildings, such as hotels, offices and swimming pools are usual ESCO targets, too. For the moment, the biggest driver for the market growth is the ECO.AP (Energy Efficiency for Public Buildings), which aims at a 20% consumption reduction specifically achieved with the ESCOs' help. Like in the other countries, companies use EPC, although non-performance based contracts are more frequent [12] [14] .
Some public buildings have already undergone energy efficiency projects and one example is a swimming pool in Loulé. The results of the European program "ENERinTOWN" are shown on fig. 2 and fig. 3 : it is quite evident the difference between before and after. Fig. 2 . Load values before ENERinTOWN measures [16] . Fig. 3 . Load values after ENERinTOWN measures [16] .
In 2010, the government reported the PNAEE as a successful plan, whose numbers will be achieved, but independent entities referred this plan is being successful because of the financial crisis, and not really thanks to the energy efficiency measures [6] .
As expected, the financial crisis has already had a negative impact, as the State budget for 2012 removes the benefits that have existed until now when buying renewable equipment (it was possible to reduce 30% of these expenses, up to a maximum of 803€), and the tax has gone from 13% to 23% [16] .
Nonetheless, in 2011, the number of ESCOs registered in Portugal has increased to 89, which is quite a remarkable difference from the 10 to 12 companies declared in 2009 [10] .
VII. EMPIRE STATE (RE)BUILDING
The Empire State Building (ESB), the famous building in the USA, built in 1931, wants to be an example as far as energy efficiency goes and has recently gone through a "unprecedented, building-wide" sustainability retrofit [16] .
The project started in 2008 and was divided in 3 phases [15] :
• Phase 1: improve the efficiency of the building's exterior. Windows were refurbished, reusing more than 96% of existing window glass. Insulated radiative barriers were installed between the radiators and the masonry walls to avoid heating New York City instead of the ESB; • Phase 2: make the ventilation system smarter. Chillers and air handling units were given improved controls, so they'd adjust their output according to the current need. A wireless control network was installed to monitor and control the system; • Phase 3: efficient lighting and involve the people inside. Compact Fluorescent Lamps replaced the traditional incandescent bulbs. Office layouts were redone to maximize the usage of natural day lighting. Tenants were provided a web-based digital control system, allowing them to monitor the way energy is being used in their spaces. Of all the lessons learned and shared by the team, the most important are:
• the bigger the number of stakeholders involved, the better the solution will be: the developers should always have the tenant's point of view, so the retrofit is done according to their real needs (after all, they are the ones using the building!); • maximizing energy savings profitability requires planning and coordination: it is necessary to check if there are any system modernizations planned and study the possibility of implementing them already, i.e., find out if the possibilities are financially viable; • the best energy efficiency measures do not always require the latest technology: the insulated radiative barriers used in Phase 1 were a relatively cheap and simple solution; • reusing materials is a great way to reduce unnecessary waste and CO2 emissions: by reusing the glass of the original windows and by creating a Processing Center on the 5th floor of ESB, money was saved and carbon emissions were reduced by not transporting them off-site; • optimize the project according to the need of each part of the building: the windows consisted of 2 panes of glass and, between these, an insulating mixture of gases was inserted. This mixture had different ratios of krypton and argon gasses based on where the windows were on the building and their level of sun exposure. With this project, the ESB expects to have a 38% energy reduction, saving a maximum of $4,4 million in annual energy costs, with an incremental cost of $13,2 million: in 3 years, the investment will pay itself.
CONCLUSION
Climate change has awakened the world to the need for less pollution, with CO2 being pointed as one of its main causes and, therefore, the energy production sector is under pressure to become more environment-friendly. It is not possible to change energy production overnight from some fossil fuels to none, but it is possible to improve the way energy is used.
According to reference [15] , buildings account for 70% of the energy used in the cities. Demolishing old inefficient buildings and building new efficient ones would generate too much waste and would be (insanely) expensive. The only way to reduce CO2 emissions is to apply energy efficiency measures on existing buildings, as well as obliging new ones to be efficient.
The ESCOs excel at implementing energy efficiency projects and are able to provide their clients unique project financing. While ESCO markets are well developed in some countries, others have just started. This calls for a share of knowledge and experience between countries, since the sooner everyone applies these measures, the better the environment will be.
However, there is a lot of work ahead to be done, almost as much as the barriers to overcome: for example, even in more mature markets, there still seems to be some lack of awareness of energy efficiency benefits or too much skepticism towards the effectiveness of energy efficiency.
Experts are also studying the market in an attempt to understand why some contracts are favored over others (ESC > EPC) and the newly created IEC is (hopefully) the right answer to the problem that ESC is energy supply only and EPC can be too complex and expensive in some cases. The IEC success cannot be completely predicted, as it is up to the market/clients to decide if this model answers their needs or not. Also, the financial crisis in some countries may compromise the true market feedback regarding energy contracts in general but, unfortunately, that is something only time will tell.
